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57 ABSTRACT

In a method and apparatus for measuring a potential on a
surface of a sample using a charged particle beam while
restraining a change in the potential on the sample induced by
the charged particle beam application, or detecting a compen-
sation value for a change in a condition for the apparatus
caused by the sample being electrically charged, a voltage is
applied to a sample such that a charged particle beam does not
reach the sample (referred to as “mirror state”) when the
charged particle beam is applied toward the sample. Informa-
tion is detected, relating to a potential on the sample using
signals obtained by the voltage application.

18 Claims, 8 Drawing Sheets
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1
METHOD FOR DETECTING INFORMATION
OF AN ELECTRIC POTENTIAL ON A
SAMPLE AND CHARGED PARTICLE BEAM
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a charged particle beam
irradiation method for applying a charged particle beam to a
sample, and to a charged particle beam apparatus. In particu-
lar, the invention provides a method for detecting information
concerning an electric potential on a sample, which is pref-
erable for measuring an electric potential on a sample, and a
charged particle beam apparatus for detecting an electric
potential on a sample.

2. Background Art

Recently, with the advancement of semiconductor devices,
the importance of semiconductor measurement and test tech-
nology has been increasing. A scanning electron microscope,
which is typified by a CD-SEM (Critical Dimension-Scan-
ning Electron Microscope), is an apparatus for measuring a
pattern formed on a semiconductor device by scanning a
sample with an electron beam, and detecting electrons (such
as secondary electrons) emitted from the sample. In such
apparatus, it is necessary to set proper apparatus conditions to
perform highly-accurate measurements and tests. Some
samples of recent devices become electrically charged due to
electron beam irradiation or the influence of semiconductor
processing. More specifically, insulating samples, such as a
resist, an insulating film or a low-k material, are known to be
easily charged.

When a sample is electrically charged, the electron orbit is
distorted, which may cause astigmatism or image blurring. JP
Patent Publication (Kokai) No. 4-229541 (Patent Document
1), JP Patent Publication (Kokai) No. 10-125271 (Patent
Document 2), and JP Patent Publication (Kokai) No. 2001-
236915 (Patent Document 3) each describe a technique for
measuring the charge quantity on such an electrically charged
sample and controlling a voltage applied to the sample so as
eliminate the influence of the charge in order to properly
perform focusing on the sample.

Also, JP Patent Publication (Kokai) No. 1-214769 (Patent
Document 4) describes a technique for detecting field emis-
sion current emitted from a metal needle with a sharp tip or
tunnel current in order to contactlessly measure the potential
on a sample.

SUMMARY OF THE INVENTION

Each of the techniques described in the above Patent Docu-
ments 1 to 3 relates to a technique for measuring a charge
quantity on a sample and adjusting the conditions for the
apparatus based on the measurement. However, the charge
quantity is measured by detecting a signal obtained by apply-
ing an electron beam to the sample, so further charging may
be induced due to the electron beam application. As a result,
it is difficult to measure the charge quantity before the elec-
tron beam application.

Meanwhile, with the technique described in Patent Docu-
ment 4, it is possible to measure an electric potential on a
surface of a sample without charge being induced by an
electron beam, but the technique has problems in the potential
on the sample changing due to the metal needle approaching
the sample, and in discharging when the charge quantity is
large.
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An object of the present invention is to provide a method
and apparatus for measuring an electric potential on a surface
of'a sample using a charged particle beam while mitigating a
change in the potential on the sample induced by the charged
particle beam application, or detecting a compensation value
for a change in a condition for the apparatus caused by the
sample being electrically charged.

In order to achieve the above object, the present invention
provides a method and apparatus for applying a voltage to a
sample, such that a charged particle beam does not reach the
sample (hereinafter, this may be referred to as “mirror state™)
when the charged particle beam is applied toward the sample,
and detecting information relating to a potential on the
sample using a signal obtained as a result of that voltage
application.

One preferred embodiment of the present invention pro-
vides a method and apparatus for detecting information of an
electric potential on a sample, comprising detecting informa-
tion relating to an electric potential on a sample based on a
difference between information obtained based on charged
particles detected when a voltage that corresponds to an
energy higher than acceleration energy of a charged particle
beam emitted from a charged particle source is applied to the
sample and information obtained based on charged particles
at a predetermined electric potential on the sample when the
charged particle beam is applied from the charged particle
source toward the sample.

In the above-described arrangement, a potential on a
sample or adjustment conditions for the apparatus are
detected from information obtained in a state in which a
charged particle beam is not applied to the sample, and
accordingly itis possible to detect the potential on the sample,
etc., while restraining a change in the potential on the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating a scanning
electron microscope;

FIG. 2 is a diagram illustrating another scanning electron
microscope configuration;

FIGS. 3A and 3B are diagrams indicating a change in an
image formed by mirror electrons according to the potential
of'its electric charge;

FIG. 4 is a diagram illustrating a method for detecting a
displacement quantity of mirror electrons (Embodiment 3);

FIG. 5 is a diagram illustrating a method for detecting a
displacement quantity of mirror electrons (Embodiment 4);

FIG. 6 is a diagram illustrating a method for detecting a
displacement quantity of mirror electrons (Embodiment 5);

FIG. 7 a diagram illustrating a method for detecting a
displacement quantity of mirror electrons (Embodiment 6);

FIG. 8 a diagram illustrating a method for detecting a
displacement quantity of mirror electrons (Embodiment 7);

FIG. 9 is a still another scanning electron microscope con-
figuration;

FIG. 10 is a diagram for illustrating an example of a method
for forming a processed signal; and

FIG. 11 is a diagram illustrating the principle of potential
measurement using mirror electrons.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Recently, miniaturization or high-density integration of
Ultra Large Scale Integrated (ULSI) devices has progressed
rapidly, and device processing with a processing size of sev-
eral tens of nanometers has been growing. Multilayering



US 8,263,934 B2

3

using various kinds of new materials such as a low-dielectric-
constant film or a metal gate film for speed-up, and a three-
layer resist for enhancing resistance to etching, has been
increasingly employed. Consequently, the demands for criti-
cal dimension (CD) control during ULSI device processing
have become strict.

Insulating materials, such as resists, insulating films, and
low-k materials are often used in semiconductor processing,
but the surface of such an insulating material is electrically
charged by electron beam application. The charged material
may change the quantity of secondary electrons that are get-
ting out of the sample surface, or distort the orbit of a primary
electron beam, resulting in the scanning electron microscope
image being distorted. Consequently, it becomes difficult to
measure the true processing size or shape. In the case of an
ArF resist, for example, whether line-edge roughness (LER)
has occurred during etching, or a size measurement error has
arisen in the electron microscope due to charging cannot be
judged. Also, in high-aspect contact hole observation, a prob-
lem may arise in that the shape of a contact hole is observed
as being distorted, or in that it becomes difficult to distinguish
between the upper diameter and the lower diameter of a hole.

Charge changes spatially/temporally, the changes includ-
ing attenuation due to hole-electron recombination, in addi-
tion to spatial changes due to movement and diffusion of
electrons. Also, a sample surface is positively or negatively
charged depending on the energy of electrons falling on the
sample surface. Accordingly, controlling such charging has
become important. As a result of the electron orbit being
distorted by charging, a part that cannot form an image (astig-
matism) or image blurring may occur. A function that collects
electrons at a predetermined position to automatically per-
form focusing (auto-focusing function) may also have prob-
lems, such as displacement from the initial focus position,
due to the charging, taking more time to perform focusing. So
it has become important to know the size and distribution of
the charge potential.

Hereinafter, preferred embodiments of the present inven-
tion will be described with reference to the drawings.

FIG. 1 is a diagram schematically illustrating a scanning
electron microscope. In the below description, a scanning
electron microscope in which a sample is scanned with an
electron beam (Scanning Electron Microscope: SEM) will be
described as an example, but the present invention is not
limited to this example, and can be employed in another
particle beam apparatus, such as a FIB (Focused Ion beam)
apparatus. However, it is necessary to change the polarity of
avoltage applied to the sample according to the polarity of the
charge of the beam. Also, FIG. 1 merely shows an example of
a scanning electron microscope, and the present invention can
be employed in a scanning electron microscope having a
configuration different from that shown in FIG. 1 as far as
such employment does not change the gist of the preset inven-
tion.

In the scanning electron microscope shown in FIG. 1, an
extraction voltage is applied between a field emission cathode
11 and an extractor electrode 12, and a primary electron beam
is thereby extracted.

The thus-extracted primary electron beam 1 is accelerated
by an acceleration electrode 13, and is focused by a condenser
lens 14, and is subject to a scanning deflection by an upper
scan deflector 21 and alower scan deflector 22. The deflection
intensities of upper scan deflector 21 and the lower scan
deflector 22 are adjusted so that two-dimensional scanning on
a sample 23 is carried out with the center of an objective lens
17 set as a supporting point.
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The deflected primary beam 1 is further accelerated by a
post-acceleration voltage 19 in an acceleration cylinder 18
provided in a passageway in the objective lens 17. The pri-
mary electron beam 1 that has been subjected to post-accel-
eration is focused by the effect of the objective lens 17. A
tubular cylinder 20 is grounded, forming an electric field
accelerating the primary electron beam 1 between the tubular
cylinder 20 and the acceleration cylinder 18.

Electrons emitted from the sample, such as secondary elec-
trons or backscattered electrons, are accelerated in a direction
opposite the direction in which the primary electron beam 1 is
applied, by an electric field formed between a negative volt-
age applied to the sample (hereinafter, this may be referred to
as “retarding voltage”), and the acceleration cylinder 18, and
detected by a detector 29.

The electrons detected by the detector 29 are displayed on
an image display (not shown) in synchronization with scan
signals supplied to the scan deflectors. Also, the obtained
image is stored in frame memory (not shown). Current or
voltage supplied or applied to the components of the scanning
electron microscope shown in FIG. 1 may be controlled using
a controller provided separately from the scanning electron
microscope body.

Embodiment 1

Hereinafter, a method for measuring a potential on a
sample using an electron beam, and an apparatus for imple-
menting that method will be described.

The acceleration energy of electrons Ee is determined by
the difference in potential between the field emission cathode
11 and the acceleration electrode 13. First, assume that the
acceleration energy of electrons is Ee and that a potential on
asample Vr, |-Vrl is set to a value corresponding to an energy
greater than Ee. When an electron beam is emitted toward the
sample in this state, the incident electrons do not fall on the
sample and are reflected at a position immediately above the
sample (these electrons are referred to as “mirror electrons™).
The reflected mirror electrons move in the opposite direction
in the lens system. A detector is provided in the lens system to
detect the position where the mirror electrons have arrived,
thereby detecting the difference or “displacement” between
the position where incident electrons have passed (the “object
point”) and the position where the mirror electrons have
arrived. (See FIG. 11.) Without the sample charging, the
electrons would be reflected following the same orbit as that
of the incident electrons, so this displacement quantity
reflects the value of the sample potential Vr. Accordingly, the
potential on the sample can be measured by measuring the
relationship between the displacement quantity and Vr in
advance. (See FIG. 11.)

The “displacement” (difference) in this embodiment can
be obtained by detecting the spread or a change in the posi-
tions of mirror electrons projected onto the detector, or a
two-dimensional displacement of an image formed by the
mirror electrons. A potential on the sample can also be
obtained by detecting the rotation between images or the
difference in image blurring between images.

The relationship between the displacement quantity and
the potential on the sample can be obtained as follows, for
example. The position of the object point is assumed to be Zc
when the sample height is Z and the potential on the sample is
Vrl, and a focused state is created in this state by adjusting the
parameters for the lens system.

Here, it is assumed that the detector is located at a position
71 in the height direction, and that the mirror electron detec-
tion position at that time is Zrl (x1, y1, z1). This is used as a
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reference value. Next, setting the potential on the sample to be
Vr2, and a beam with the same energy as Vr2 is applied, and
the position Zr2 (x2, y2, z1) where the mirror electrons have
arrived at that time is obtained by the detector. The displace-
ment quantity between Zrl and Zr2 is obtained and then a
Vr-Zr correlation curve representing the correlation between
that difference and the potential is obtained. At this time, as
the number of combinations of data (Vr and Zr) increases, a
correlation curve with higher accuracy can be obtained. In
this state, supposing that the position where the mirror elec-
trons have arrived when the charged sample is observed is
713, the potential on the sample can be calculated from the
Vr-Zr correlation curve. The electron beam does not fall on
the sample, so the charge potential can be measured without
changing the state of the sample.

Here, Vr has been changed as a method for obtaining a
correlation curve, but there are other methods. For example, if
the objective lens is formed of a magnetic field coil, the
relationship between the image surface position Z and excit-
ing current Ic exciting the objective lens can be considered as
being known, so by measuring Zrl of the mirror electrons at
the reference value alone, a charge state Vr3 can be estimated
from a change in displacement when the exciting current is
changed. Besides this, the Vr-Zr correlation curve can also be
obtained by changing the sample height, a booster voltage Vb,
the position of the object point for the primary electrons
relative to the objective lens, or other parameters.

When detecting the spread or displacement of a beam
projected in a detector, it is desirable to use a detector with a
plurality of detection elements spread in two dimensions. As
a result of obtaining the position where the mirror electrons
have arrived or the distribution of the mirror electrons from
output signals from the plurality of detection elements, a
displacement from the reference value can be obtained.

Also, a displacement quantity can be detected more easily
by detecting the displacement quantity using images. The
mirror electrons are reflected at a position immediately above
the sample, and are subjected to the influence of the beam
passageway and structures during passing through the lens
system. In order to obtain an image, a scanning incident beam
may be moved over the region. As a result, the shapes of the
structures in the beam passageway appear in an image.

Furthermore, when detecting an image rotation, the quan-
tity of rotation of a structure displayed in a projected image is
monitored. More specifically, there are methods in which a
potential on a sample is obtained from a rotation angle when
exciting current is changed and focusing is made on a struc-
ture under reference mirror conditions, and in which a poten-
tial on a sample is obtained from the change quantity (d6/
dl;) of a rotation angle when existing current has been
changed from reference conditions. Although the relationship
between the exciting current for the objective lens and the
rotation angle has been described above, the potential on the
sample can be measured even though the exciting current may
be replaced with a parameter relating to optical conditions
during mirroring, such as the potential on the sample Vr, the
primary electron object point position, the booster voltage or
the sample height. Also, it is desirable that a structure has an
asymmetric shape such as a single arrow or a character “F”.

Furthermore, if the correlation between the rotation quan-
tity and the sample potential is obtained and the potential on
the sample is estimated from the rotation quantities under a
plurality of conditions obtained by the monitoring, the poten-
tial on the sample can be measured more accurately. Also,
since the focus of the electron beam is changed as a result of
adjusting the voltage applied to the sample, the potential on
the sample according to the degree of image blurring can be
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detected if the correlation between the degree of the image
blurring and the potential on the sample. The blurring can be
detected by directly measuring the beam distribution of a
detection-target surface (method 1), or using edge drooping
of a structure having the same level of size as a spot diameter
on the detection-target surface (method 2), by means of a
plurality of detectors being two-dimensionally provided. If
method 2 is used, the blurring quantity for a broad range can
be measured with high accuracy if structures of different sizes
are placed.

As described above, the potential on the sample can be
measured by monitoring the rotation quantity, blurring, mag-
nification ratio, image distortion or composite information of
these, etc.

Hereinafter, a preferred embodiment for measuring a
potential on a sample will be described with reference to the
drawings.

Here, it is assumed that a sample 23 is electrically charged
to have a certain potential. A potential Vr is provided to the
sample by means of a stage voltage control system 43. Here,
Vr is provided so that it corresponds to an energy that is
sufficiently greater than acceleration energy Ee of electrons.
The acceleration energy Ee mentioned here refers to a value
before deceleration by the voltage applied to the sample. For
example, when Ee is 2 keV, Vr greater than around -2200 V
is provided. The quantity of charge on the sample can be
considered to be from minus several hundreds V to around
plus 200 V at maximum, so it is sufficient that the absolute
value is greater than —2200 V. In those cases, an equipotential
surface 2 of ~2000V is formed at a position above the sample.
This potential surface is referred to as a mirror surface, and
the primary electron beam is reflected on this surface and
returns upward.

These electrons are here referred to as mirror electrons 3.
The mirror electrons 3 that have passed the lens system reach
the detector 29, which detects the position Zr3 (x3, y3, zr) of
the mirror electrons 3. Here, zr is a position in the height
direction. A computing unit 40 calculates a “displacement” of
this Zr3 information from the predetermined reference value
Zrl, and then calculates the charge potential Vr3 on the
sample from this “displacement” quantity based on the “cor-
relation curve between the mirror electron position and the
potential”. This information is sent to an analyzer 41, and in
order to control the charge state, the analyzer 41 sets signals
for control system parameters. Examples of the control sys-
tem include an objective lens control system 42, the stage
voltage control system 43 and an acceleration voltage control
system 44, which set existing currents, a stage voltage, and
extraction/acceleration energy of electrons, respectively,
thereby controlling the charge state.

The relationship between the displacement quantity and
the potential on the sample can be obtained as follows, for
example. The position of the object point is assumed to be Zc
when the sample height is Z and the potential on the sample is
Vrl, and a focused state is created in this state by adjusting the
parameters for the lens system. It is assumed that the detector
is located at a position z1 in the height direction. As shown in
FIG. 11, the mirror electron detection position at that time is
assumed to be Zrl (x1, y1, z1). This is used as a reference
value. At this time, it is better to use a conductor or semicon-
ductor sample that does not bear electric charge for the
sample. Next, the potential on the sample is set to Vr2, and a
beam with the same energy as Vr2 is emitted and the position
712 (x2,y2, 7z1) where the mirror electrons have arrived at this
time is obtained from the detector.

The displacement quantity between Zrl and Zr2 is calcu-
lated and then the Vr-Zr correlation curve representing the
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correlation between this displacement and the potential is
obtained. At that time, as the number of data combinations
(Vr and Zr) is greater, a more accurate correlation curve can
be obtained. Supposing that the position where the mirror
electrons have arrived when the charged sample is observed
in this state is Zr3, the potential on the sample can be obtained
from the Vr-Zr correlation curve.

An image at the above-mentioned reference value is set to
S1, and is used as a reference image. Also, an image when the
potential has been changed to the sample potential Vr2 is
acquired as a reference image, and a Vr-S correlation curve is
prepared. In this state, image signals at a measurement target
sample are detected by means of the detector, and the image
S3 is compared with the above-mentioned reference images,
thereby calculating the charge potential Vr3.

When a displacement from an incident position is detected
using images, as described above, various detection image
objects can be considered depending on the scanning electron
microscope configuration.

For example, the position of a hole or a structure, or the
blurring degree of an image of a hole or a structure is obtained
from the quantity of change in contrast of an edge portion of
the hole or the structure. Other possible approaches may
include: obtaining the blurring degree of a hole or a structure
from its change in area; detecting a rotation angle from a
reference image of a hole or a structure; and checking the
luminance of the entire image.

Beside the lens system, a structure, such as a reflecting
plate (in the description of this embodiment, this is an elec-
trode for electrons accelerated by a retarding voltage to col-
lide and secondary electrons generated are detected by a
separately-provided secondary electron detector) or a mesh,
may also be used as a target, or something that can be used as
a mark, for example, a hole with a triangular or multi-angular
shape for reference, or an arrow mark in a lens system, may be
placed intentionally.

In the following embodiment, another method for detect-
ing displacement will be described in detail.

Embodiment 2

FIG. 2 is adiagram for describing a second embodiment for
detecting a potential on a sample. A primary electron beam 1
that has been focused by a condenser lens 14 and has passed
a diaphragm 15 is deflected using an upper scan deflector 21
and a lower scan deflector 22.

Atthis time, as in embodiment 1 above, a potential applied
to the sample is set so that the absolute value of the potential
on the sample is greater than the acceleration energy of the
primary electron beam 1 during passing through an objective
lens 17. The primary electron beam 1, which does notreach a
sample 23, is reflected on a mirror surface 2 and returns
toward a detector 29 as mirror electrons 3. As a result of
deflecting the primary electron beam 1 by means of the upper
scan deflector 21 and the lower scan deflector 22, the orbit of
the mirror electrons 3 returning is also changed, so when the
mirror electrons 3 are detected by the detector 29 and imaged
by a computing unit 40, the shape of a hole or structure that
the mirror electrons have passed through is reflected on the
image.

For example, when a mesh 30 (constituting an energy filter)
is placed in the lens system and when a beam transmission
aperture 31 is provided in the detector 29, an image in which
a mesh or a hole appears, like FIGS. 3A and 3B, can be
obtained as a result of the mirror electrons 3 passing through
the transmission aperture 31.
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FIG. 3A shows a state in which the charge potential when
acharge potential on asampleis 0. Charge potential is defined
as charge potential=potential on the sample-potential set on
the sample.

In other words, FIG. 3A shows an image when the sample
is not electrically charged, and FIG. 3B shows an image when
the charge potential is 100 V. FIG. 3A shows that when the
potential is changed or changes, the hole position at the center
part and the shadow part of the mesh are moved. These images
are registered in advance in the computing unit 40 as images
with their potentials known (reference images).

Next, an image of the mirror electrons 3 by a sample 23
with its potential unknown being scanned with the primary
electron beam 1, thereby obtaining an image of the mirror
electrons 3. The potential on the sample 23 is obtained by
comparing this image with the above reference images and
performing computation.

In this embodiment, the charge quantity is detected by
comparing the mesh image obtained by detecting the mirror
electrons and a mesh image acquired in advance are com-
pared to detect the displacement quantity between them,
thereby detecting the quantity of charge. At that time, the
potential on the sample can be measured by assigning the
detected displacement quantity to an approximate function
indicating the correlation between the displacement quantity
and the potential on the sample.

At that time, it is desirable that an image that is the target
for the comparison is an image obtained when the potential on
the sample is O V in the sense of detecting the displacement
quantity, but the present invention is not limited to this, and a
displacement quantity from an image obtained when the
sample potential is substantially 0 V may be obtained by, for
example, comparing an image obtained when the potential on
the sample is 100 V with the detected image.

Embodiment 3

FIG. 4 is a diagram for describing a third embodiment for
detecting the potential on a sample. From among reference
images with their potentials known, for example, an image
50a for a beam transmission aperture, and an image 505 for a
mesh are observed, while a sample 23 with its potential
unknown is observed, and images (the beam transmission
aperture image 51a, and the mesh image 515) are acquired.
The transfer distance 1 of the position of the hole is detected
and the charge potential y is obtained from a correlation curve
prepared in advance. Here, the center of the hole is used for
measuring the transfer distance, but a certain part of the mesh
may also be used.

Embodiment 4

FIG. 5 is a diagram for describing a fourth embodiment for
detecting the potential on a sample, and also for describing a
method for calculating a displacement caused by charging. In
this embodiment, a displacement is obtained from a change in
distribution of luminance I of an image. Setting the direction
traversing an image 51a of a beam transmission aperture to x,
the distribution of luminance I in this direction is calculated.
At that time, setting the intensity at an edge Xmax of the
displayed hole to Imax, and the intensity at the center part
Xmin of the hole to Imin, a position Xh at which the image
intensity I is equal to (Imax+Imin)/2 is calculated. Defining
Ax=IXmax-Xhl, Ax is a half width.

This Ax is used as a value for determining a displacement
quantity. Here, when the charge potential changes (the lower
graph), the half width Ax also changes. The charge potential
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can be obtained by calculating the change in the half width Ax
of the signal intensity using a detector 29 and a computing
unit 40. Instead of the half width of the luminance, the radius
of'the hole displayed in an image 51a of a beam transmission
aperture may also be used.

Embodiment 5

FIG. 6 is a diagram for describing a fifth embodiment for
detecting the potential on a sample, and also for describing a
method for calculating a displacement due to charging. As an
index for the displacement, a change in area of an image is
used. The area SO0 of an image 50a of a beam transmission
aperture or of a contour of an image 505 of a mesh in a
reference image with its potential already known is obtained
for each of various kinds of voltages that have been changed
from one another.

An image formed by mirror electrons 3 is acquired by a
sample 23 with its potential unknown being scanned with a
primary electron beam 1. An area S1 of a hole within an image
51a of the beam transmission aperture or a contour of an
image 515 of the mesh at that time is calculated. The potential
on the sample 23 is obtained by comparing this area with S0
above by means of a computing unit 40 and performing
computation.

Embodiment 6

FIG. 7 is a diagram for describing a sixth embodiment for
detecting the potential of a sample, and also for describing a
method for calculating a displacement due to charging. A
rotation angle of an image is detected from a hole appearing
in the image and an image of a position of a certain point of a
structure. Several samples 23 with their potentials already
known are prepared and an image by means of mirror elec-
trons 3 is acquired. For example, changed positions 52a, 526
and 52¢ of a beam transmission aperture accompanying
changes in the potential of the beam transmission aperture
position 53 during potential measurement are acquired, and a
curvature radius R and a center position O are obtained from
a curve fitted to an orbit 54 of the beam transmission aperture
position.

In the case of a sample with its charge potential unknown,
the beam transmission aperture position 53 during the poten-
tial measurement performed by scanning is detected, and an
angle 0 is calculated from the changed position 52a of the
beam transmission aperture accompanying a change in the
potential of the beam transmission aperture position 53 dur-
ing potential measurement.

Using a computing unit 40, the charge potential is calcu-
lated from the orbit 54 of the beam transmission aperture
position corresponding to the angle 6. Here, the description
has been given with regard to a hole through which a beam
passes, but the calculation may be performed based on a
change in an angle of an image of another structure.

Embodiment 7

FIG. 8 is a diagram for describing a seventh embodiment
for detecting a potential on a sample, and also for describing
a method for calculating a displacement due to charging.
More specifically, it is a method for calculating a displace-
ment from an incident position of mirror electrons 3 based on
changes in luminance of a hole or structure appearing in an
image.

Ofanimage 57 of a hole, the luminance of a certain portion
55 is integrated to calculate a luminance integration value It.

20

25

30

35

40

45

50

55

60

65

10

Using the nature that the area and luminance of the certain
portion 55 changes when the potential of a sample 23
changes, the charge potential of the sample is calculated from
the size of It.

Embodiment 8

FIG. 9 is a diagram for describing an eighth embodiment
for detecting a potential on a sample, and it is a schematic
view of a scanning electron microscope for implementing a
potential measurement method in this embodiment. A plural-
ity of detectors 295 are placed at positions where mirror
electrons 3 are detected to detect the positions where the
mirror electrons 3 have arrived and the amount of the mirror
electrons 3.

The detected signals are conveyed to a second computing
unit 45, and addition/reduction for the signals, the detection
of'a peak position P, and filtering are performed, resulting in
processed signal data (see FIG. 10). This signal is compared
with a signal of a reference value and computed in a comput-
ing unit 40 to obtain the charge potential.

As described above, according to the preferred embodi-
ments of the present invention, the quantity of charge can be
measured without an electron beam reaching the sample, and
accordingly, new charging will not be induced by electron
beam application, so an accurate charge measurement can be
achieved. Although the above-described embodiments have
referred to an example in which a charge quantity is measured
based on, for example, the relationship between the potential
on the sample and the position where the mirror electrons
have arrived, the present invention is not limited to this
example, and it is also possible that a compensation value for
another apparatus parameter to be adjusted is detected with-
out measuring the charge quantity, by obtaining, in advance,
the correlation between the position where the mirror elec-
trons have arrived and that other apparatus parameter to be
adjusted, for example.

What is claimed is:

1. A method for detecting information of an electric poten-
tial on a sample, the method comprising calculating the infor-
mation relating to the electric potential on the sample based
on:

(1) information obtained based on charged particles
detected when a magnitude of a negative voltage applied
to the sample is higher than an acceleration voltage
applied for accelerating a charged particle beam toward
the sample in a state in which the charged particle beam
is applied from a charged particle source toward the
sample, wherein the information obtained based on the
charged particles detected includes at least one of (1) a
detected position of an electron reflected by the electric
potential on the sample, (2) a position, an area, a rotation
angle or a brightness of a structure of an electron micro-
scope, wherein the structure is included in an image
formed based on the electrons reflected by the electric
potential on the sample, or (3) a blurring, a magnifica-
tion or a distortion of the image, and

(ii) a correlation between the information obtained based
on the charged particles detected and the information
relating to the electric potential on the sample, wherein
the correlation is obtained in advance.

2. The method for detecting information of an electric
potential on a sample according to claim 1, wherein the infor-
mation obtained based on the charged particles detected
relates to a position where charged particles reflected by an
electric field formed by the applied voltage have arrived.
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3. The method for detecting information of an electric
potential on a sample according to claim 2, further compris-
ing detecting the information relating to the electric potential
on the sample based on a difference between the position
where the charged particles have arrived and a position where
the charged particles have arrived that is obtained at a prede-
termined electric potential on the sample.

4. The method for detecting information of an electric
potential on a sample according to claim 1, wherein the infor-
mation obtained based on the charged particles detected
relates to an image formed based on charged particles
reflected by an electric field formed by the applied voltage.

5. The method for detecting information of an electric
potential on a sample according to claim 4, further compris-
ing detecting the information relating to the electric potential
on the sample based on a difference in transfer quantity,
blurring quantity and/or rotation quantity between the image
formed based on the charged particles detected and an image
obtained based on charged particles at a predetermined elec-
tric potential on the sample.

6. The method for detecting information of an electric
potential on a sample according to claim 1, further compris-
ing: obtaining a relationship between the information
obtained based on the charged particles at a predetermined
electric potential on the sample and the electric potential on
the sample; and detecting the electric potential on the sample
based on the relationship.

7. The method for detecting information of an electric
potential on a sample according to claim 1, wherein the cor-
relation is obtained in advance by measuring the information
obtained based on the charged particles detected when a
known electric potential is applied to the sample.

8. A charged particle beam apparatus comprising:

a charged particle source;

an objective lens that focuses a charged particle beam
emitted from the charged particle source; and

a controller that controls a voltage applied to a sample;

wherein the controller calculates information relating to an
electric potential on the sample based on:

(1) information obtained based on charged particles
detected when a magnitude of'a negative voltage applied
to the sample is higher than an acceleration voltage
applied for accelerating the charged particle beam
toward the sample in a state in which the charged particle
beam is applied from a charged particle source toward
the sample, wherein the information obtained based on
the charged particles detected includes at least one of (1)
a detecting detected position of an electron discharged
from reflected by the electric potential on the sample, (2)
a position, an area, a rotation angle or a brightness of a
structure of an electron microscope, wherein the struc-
ture is included in an image formed based on the elec-
trons reflected by the electric potential on the sample, or
(3) a blurring, a magnification or a distortion of the
image, and

(ii) a correlation between the information obtained based
on the charged particles detected and the information
relating to the electric potential on the sample, wherein
the correlation is obtained in advance.

9. The charged particle beam apparatus according to claim

8, wherein the information obtained based on the charged
particles detected relates to detected positions of the charged
particles detected.
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10. The charged particle beam apparatus according to
claim 9, wherein information of the detected positions indi-
cates displacement quantity to a reference position of the
detected positions of the charged particles.

11. The charged particle beam apparatus according to
claim 8, wherein the information obtained based on the
charged particles detected relates to a rotation quantity of an
image formed based on the charged particles detected.

12. The charged particle beam apparatus according to
claim 8, wherein the information obtained based on the
charged particles detected relates to a blurring degree of an
image formed based on the charged particles detected.

13. The charged particle beam apparatus according to
claim 8, wherein the controller forms an image of a structure
which is located in the charged particle beam apparatus,
based on the charged particles detected.

14. The charged particle beam apparatus according to
claim 8, wherein the information obtained based on the
charged particles detected relates to a luminance of an image
formed based on the charged particles detected.

15. The charged particle beam apparatus according to
claim 8, wherein the information relating to the electric
potential on the sample is an adjustment parameter for the
charged particle beam apparatus.

16. The charged particle beam apparatus according to
claim 8, wherein the correlation is obtained in advance by
measuring the information obtained based on the charged
particles detected when a known electric potential is applied
to the sample.

17. A charged particle beam apparatus comprising:

a charged particle source;

an objective lens that focuses a charged particle beam
emitted from the charged particle source; and

a controller that controls a voltage applied to a sample;

wherein the controller calculates a compensation value of
an adjustment parameter for the charged particle beam
apparatus based on:

(1) information obtained based on charged particles
detected when a magnitude of a negative voltage applied
to the sample is higher than an acceleration voltage
applied for accelerating the charged particle beam
toward the sample in a state in which the charged particle
beam is applied from a charged particle source toward
the sample, wherein the information obtained based on
the charged particles detected includes at least one of (1)
adetected position of an electron reflected by the electric
potential on the sample, (2) a position, an area, a rotation
angle or a brightness of a structure of an electron micro-
scope, wherein the structure is included in an image
formed based on the electrons reflected by the electric
potential on the sample, or (3) a blurring, a magnifica-
tion or a distortion of the image, and

(ii) a correlation between the information and the adjust-
ment parameter of the charged particle beam apparatus,
wherein the correlation is obtained in advance.

18. The charged particle beam apparatus according to
claim 17, wherein the correlation is obtained in advance by
measuring the information obtained based on the charged
particles detected when a known adjustment parameter is
used.



